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Abstract

The development of advanced electrode materials with high energy storage capability remains one
of the major challenges for next-generation electrochemical supercapacitors. In this work, a novel
three-dimensional (3D) soccer-ball-shaped NiCo:04 nanosheet architecture was successfully
synthesized via a facile template-free hydrothermal method followed by controlled annealing.
Urea was employed as a structure-directing agent to regulate nucleation, crystal growth, and self-
assembly, producing highly porous hierarchical nanostructures with interconnected nanosheets.
The synthesized material exhibited a moderate specific surface area of approximately 58 m? g
and an average pore diameter of about 14.4 nm, providing abundant electrochemically active sites
and efficient electrolyte diffusion pathways.

The crystal structure and morphology were investigated using XRD, FESEM, TEM, BET, and
XPS analyses. Structural characterization confirmed the formation of phase-pure spinel NiCo0204
with a unique three-dimensional porous soccer-ball morphology composed of ultrathin nanosheets.
The hierarchical architecture significantly enhances ion accessibility and electron transport, which
are essential for high-rate electrochemical energy storage.

Electrochemical performance was evaluated in a three-electrode configuration using 2 M KOH
electrolyte through cyclic voltammetry (CV), galvanostatic charge-discharge (GCD), and
electrochemical impedance spectroscopy (EIS). The optimized NiCo020s electrode exhibited a high
specific capacitance of approximately 1257 F g at 0.5 A g', excellent rate capability, and
outstanding cycling stability with approximately 85% capacitance retention after 3000 charge-
discharge cycles. The improved electrochemical performance is attributed to the porous
hierarchical architecture, mixed Ni**/Ni** and Co*/Co*" redox couples, and reduced charge-
transfer resistance.

The proposed synthesis strategy provides an environmentally friendly and scalable route for
producing hierarchical transition-metal oxide nanostructures with superior electrochemical
performance. These results demonstrate that the soccer-ball-shaped NiCo0:04 nanosheets are
promising electrode materials for next-generation high-performance supercapacitors and other
electrochemical energy storage systems.
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